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FCC Should Grant Licenses Promptly

“CU, et al. urge the Commission to grant the license and waiver applications of
Northpoint and its Broadwave Affiliates. . . . The public interest will be best served by
prompt approval [of] Northpoint's applications to provide a terrestrially-based
Multichannel Video Programming Distribution (“MVPD”) service that will bring instant
competition and rapid deployment of broadband services to the entire country, including
unserved and underserved rural and urban areas. The authorization of a new
Multichannel Video and Data Distribution Service (“MVDDS") and possible auctions
would delay and possibly undermine the expansion of competition to incumbent cable
and satellite companies.” (CU, et al. Reply Comments, pp. 2-3)

“NAB supports [Northpoint's] applications and request for a waiver of the rules. Prompt
initiation of Northpoint's plans could: 1) promote much needed competition in the MVPD
marketplace. . .; and 2) facilitate local into local carriage of all local television stations.”
(NAB Reply Comments, p. 2)

“For the reasons set forth above, the Commission should not proceed with
commencement of a new MVDDS service and should terminate its rulemaking
proceeding.” (NAB Reply Comments, p. 7)

“A one-year delay — assuming lightning fast allocation rules and auction implementation
— could (conservatively estimated) result in $2 billion in lost consumer surplus in cable
television service, and another $250 million lost in reduced competition for high-speed
Internet access. A three-year lag would likely exceed $6 billion in lost (aggregate)
consumer surplus.” (Hazlett Affidavit, p. 21)

“The short-run interest of consumers is to have service commence quickly. The long-
run interest of consumers is to have entrepreneurship rewarded rather than taxed.
From either perspective, the public’s interest lies in haying the FCC grant Northpoint's
January 1999 request for permission to commence service without delay.” (Hazlett
Affidavit, p. 22)

Call for Auctions Should be Rejected

“[A}uctions will only serve to delay and possibly even destroy, competition and
innovation.” (CU, et al. Reply Comments, p. 4)

“As Northpoint correctly observes, auctions could ‘postpone for many more years the
delivery of local broadcast signals to rural users, and it would delay the emergence of
new competitive alternatives to cable.” (NAB Reply Comments, p. 3)

“There are several reasons why the Commission should decline to hoid auctions here.
The first is a matter of equity. . . . The second is a matter of law.” (CU, ef al. Reply
Comments, pp. 6-7)

“Moreover, Section 309(j)(3) of the Communications Act obligates the Commission to
avoid mutual exclusivity and auctions when there are public interest reasons for doing



so. What the incumbent MVPDs do not and cannot, dispute is that significant public
interest benefits will flow from the grant of the Northpoint applications.” (CU, et al.
Reply Comments, p. 5)

Only Northpoint Can Deploy Technology

“Northpoint — and only Northpoint — has developed a technology for video programming
delivery that may quickly be implemented across the country to provide competition to
cable and direct broadcast satellite (DBS).” (Joint Broadcasters Comments, p. 2)

“Northpoint is the only terrestrial applicant that is ready, willing and able to provide a
competitive local broadband video and data service.” (MMTC Comments, p. 2)

“Northpoint would be the only terrestrial provider in the 12.2-12.7 GHz band because
only Northpoint has invested the creativity and resources to develop the technology to
use this particular spectrum for terrestrial video delivery.” (Joint Broadcasters
Comments, p. 7)

“If other terrestrial competitors eventually develop, then they can make the same
applications and the same showings of technical compatibility as Northpoint, and the
Commission may consider them on a case-by-case basis.” (Joint Broadcasters
Comments, p. 7)

Northpoint Would Bring Price Competition, Promote Local TV

“Because Northpoint's video and data services are less expensive, the effect on prices
in American communities will be dramatic.” (MMTC Comments, p. 6)

“Northpoint plans to deliver 96 channels of video programming, including all local
broadcast signals, for fees that are 10%-15% below existing cable television rates. If
we assume that Northpoint’s entry succeeds in pushing cable rates down 5% nationally,
the annual savings for U.S. households exceeds $2 billion.” (Hazlett Affidavit, p. 17)

“If its applications are approved, Northpoint could provide instant MVPD competition to
all 210 DMAs in the United States. Because its services are almost certain to be
comparable with cable and DBS yet far less expensive, competitors will be pressured to
lower their prices. The final result: more choice, better service and lower cost for all
Americans.” (CU, et al. Reply Comments, pp. 14-15)

“Joint Broadcasters enthusiastically support the introduction of another competitor and
another carrier of their signals in this highly concentrated market to help benefit the
public with price, service, and innovation competition.” (Joint Broadcasters Comments,
p. 2)

“Paxson notes that Northpoint and its local Broadwave affiliates are committed to
carrying the analog and digital signals of local television stations to the same extent
required of cable systems by the FCC and Paxson believes that the final rules adopted



by the FCC will mandate full digital must carry for all local stations. This will certainly
provide additional competition in the multi-channel video programming market, will
assist local television station in their DTV transition efforts and strengthen the role of
free, over-the-air television broadcasting.” (Paxson Reply Comments, pp. 1-2)

“Gray believes that it is imperative that the Commission facilitate the introduction of
another competitor and another carrier of local television signals in this highly
concentrated market to help benefit the public with price, service, innovation and
competition as quickly as possible.” (Gray Reply Comments, p. 2)

Northpoint Serves Broad Range of Public Interests

“[1]t is difficult for us to imagine a potential licensee that could make a stronger public
interest showing warranting its license. Northpoint brings to the table the prospect of
immediate competition, an immediate increase of minority ownership in the MVPD
marketplace, and immediate deployment of advanced services to rural and underserved
areas. We ask the Commission to reject the incumbents’ claims that the public interest
would best be served by embarking on a lengthy new process that may not lead to more
MVPD competition, and instead grant Northpoint’s license without delay.” (CU, et al.
Reply Comments, p. 3)

“[No commenters in this docket] refute the fact that Northpoint's proposed service would
result in numerous public interest benefits, including: Increased competition in the
market for multiple video program distribution and other broadband services; lower
priced MVPD and broadband services for all Americans; greater and more rapid
deployment of broadband services, especially to unserved and underserved
communities; and a significant increase in the number of minority and female owners
and employees in the media industry.” (NABOB Reply Comments, p. 2)

Northpoint Promotes Minority and Female Media Industry
Ownership

“The Northpoint application provides an opportunity for the Commission to promote
minority ownership and employment and its benefits without reliance on disfavored
regulatory mechanisms.” (CU, et al. Reply Comments, p. 20)

“Importantly, from MMTC's perspective, grant of Northpoint’s applications will give an
instant and important boost to minority ownership and employment in the media industry
at a time when regulatory policies to promote such ownership and employment are out
of favor.” (MMTC Comments, p. 2)

“No participant to this proceeding denies the fact that, shouid Northpoint obtain the
approval it seeks from the Commission, the landscape of minority media ownership in
this country would be altered dramatically. Not only are the majority of Northpoint's
Broadwave affiliates minority and female owned, they are overwhelmingly so.” (NABOB
Reply Comments, p. 5)



Northpoint Promotes Specific Needs of Minority Consumers

“The lower cost service that it [Northpoint] proposes will increase broadband access for
minorities and rural residents, and will increase the diversity of voices available to all
citizens.” (MMTC Comments, p. 2)

“Commission approval of the Broadwave applications is the only realistic course of
action that will enable tribal communities and other low-income, high-cost communities
to receive digital audio, video and data services in the near future.” (NITI| Comments, p.
6)

“Northpoint’s low-cost digital wireless system would offer many Native Americans their
first opportunity for broadband access to the Internet.” (NITI Comments, p. 6)

“Minority communities are often the last to have access to affordable broadband
services, but Northpoint will provide such an option.” (MMTC Comments, p. 4)

Northpoint Will Bring Broadband to Many

“Should the Commission thwart Northpoint's attempts to deploy broadband services by
instituting auctions for terrestrial MVPD licenses, it would run contrary to Section 706's
mandate that the Commission ‘utiliz[e]...regulatory forbearance, measures that promote
competition in the local telecommunications market or other regulating methods that
remove barriers to infrastructure investment’ to encourage broadband deployment.”
(CU, et al. Reply Comments, p. 17)

“Entry by Northpoint could considerably speed the “race for bandwidth.” In creating a
first, second or third broadband high-speed access option for residential customers
millions of additional Internet users could avail themselves of broadband services.”
(Hazlett Affidavit, p. 19)

Opponents’ Motivation is Not in the Public Interest

“The Commission must take the opposition to Northpoint’s applications and the
subsequent support for auctions for what it really is — an attempt by incumbent MVPDs
to misuse governmental processes to delay and eventually destroy a low cost,
innovative competitive broadband MVPD service. Once the victims of cable operators’
attempts to block their service, the two DBS providers now employ similar tactics in
seeking governmental protection for their duopoly. The Commission should not allow a
legitimate license distribution process for new spectrum — auctions — to be misused for
anticompetitive purposes in this secondary licensing proceeding.” (CU, et al. Reply
Comments, p. 4)

“The maijority of commenters supporting auctions in this proceeding have done so not
with the public interest in mind, but to protect themselves from competition. The
Commission has the authority to declare that auctions for MVDDS licenses are not in



the public interest and that grant of Northpoint's applications is in the public interest. [t
should do so without further delay.” (NABOB Reply Comments, p. 7)

“Once the victimized new kid on the block, the DBS industry has adopted the mantle of
powerful incumbent and is seeking to use the Commission to forestall a less expensive,
serious competitor. The Commission should just say ‘no’ to this anticompetitive effort
and permit Northpoint to commence service expeditiously.” (MMTC Comments, p. 3)

“While cable and DBS basically built their industries by retransmitting broadcast signals
. . . both industries have fought tooth and nail against must carry, carry one carry all,
retransmission consent, program exclusivity rules and virtually every other regulatory
provision Congress or the FCC has considered to preserve the very free over-the-air
broadcast system . . . . Now, like a breath of fresh air, comes Northpoint Technology,
Ltd., and its local Broadwave affiliates (collectively, “Northpoint”). Northpoint too wants
to retransmit broadcast signais. But it also appears willing voluntarily to undertake the
full signal carriage and program exclusivity protection that its larger competitors have so
steadfastly resisted.” (NAB Reply Comments, p. 2)

Support for Satellite-Terrestrial Sharing in 12 GHz Band

“Virtual Geo adheres to its belief in the compatibility of NGSO FSS systems and
Northpoint-type MVDDS stations. It urges the Commission to adopt rules that facilitate
the introduction of both types of services into the 12.2-12.7 GHz band in a manner that
does not cause undue constraint to NGSO FSS systems and that take into account the
constraints that such systems have accepted in order to successfully share the band
with geostationary satellite systems.” (Virtual Geosatellite Comments, p. 4)

o Note: Virtual Geo is one of eight applicants to operate a non-geostationary
fixed-satellite service (NGSO FSS) in the same 12 GHz spectrum band in
which Northpoint would operate its terrestrial service and limited its comments
to spectrum sharing issue.
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67 ABSTRACT

A satellite receiving antenna (16) at a user location (14)
receives satellite signals at a first frequency from a satellite
(12). The satellite signals trave] along a satellite signal route
(42) within a look angle about the ceaterline (28) of the
antenna (16). A terrestrial transmitter (20) transmits signals
at the first frequency along a wireless transmission route
(40) from the transmiticr to the user location (14). The
terrestrial transmitter (20) is located with respect to the user
location (14) so that the wircless transmission route (40) is
at a relatively large angle to the centerline (28) of the first
antcnna (16). The angle of the wircless transmission route
(40) 10 the satellite antenna centerline (28) is large enough
so that the terrestrial signals present at the location (14)
result in terrestrial input signals from the antenna (16) which
arc less than an interfercnce level with respect to satcllite
input signals produced by the antcnna. Thus, the terrestrial
signals do not interfere with the satellite signals even though
they are transmitted at a common frequency.

20 Claims, 3 Drawing Sheets

CC“VL"\“ ﬁ:

Clams 1o, 1

[2



US 6,208,834 Bl

Page 2
U.S. PATENT DOCUMENTS 5,276,904  1/1994 Manzig et sl ..o, 455/3.2
§374938 12/1994 Hatazawa ... .. 3437756
4,007,708 6’1978 Bickel ... 219/10.55 5,394,561 * 21995 Freeburg ..... . 455/13.1
4,198,635 4/1980 Killioa ... . 343727 5,444,762 * 8/1995 Frey etal. .. . 455/562
4630108 12/1986 Gomemall .. 358/84 5,483,663 * 1/1996 Tawil ... .. 455/3.2
5,038,151 81991 Kamisski ... ... 343127 5604508 * 2/1997 Atkinson ...... 34389
5041840 871991 Cipolla et al e 3437725 5,761,605 ¢ 671998 Tawil etal. .ooceeseenciseemnns 455732
5,115,463  5/1992 Moldawaky ...... ... 37958
5,125,109 6/1992 Geller ..........oevemnrvennnressases 455313 * cited by examiner



U.S. Patent Mar.27,2001  Sheet 1 of 3 US 6,208,834 B1

-
o
-
> o
L2 < s
ir N
=
§ o
:‘2
o0 N
N
- )
oN
*
8 \E o
- Ry ‘3 o \
<
\‘ °
3 4 «
““ a
£
£ [,
¥ g
3 £
[=} Z
e (=)

14

~.
4

12a

10

90



U.S. Patent Mar. 27,2001  Sheet 2 of 3 US 6,208,834 Bl

Figure 2

Figure 3
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APPARATUS AND METHOD FOR
FACILITATING TERRESTRIAL
TRANSMISSIONS AT FREQUENCIES ALSO
USED FOR SATELLITE TRANSMISSIONS
TO A COMMON GEOGRAPHIC AREA

This application is a continuation-in-part of application
Ser. No. 08/731,244 filed Oct. 11, 1996, now U.S. Pat. No.
5.761,605.

BACKGROUND OF THE INVENTION

‘This invention relates to spparatus and methods for broad-
casting and recciving data, including digital television
signals, voice signals, and other data. More particularly, this
invention relales to an apparatus and method for providing
terrestrial transmissions simultancously along with dircct
broadcast saicllite transmissions on 2 common frequency
and for setiing the transmission power level for the terres-
trial transmissions.

Currently, television signals may be received from a
satcllitc in gcosynchronous orbit about the carth. The teke-
vision signals are transmitted from a terrestrial transmitier to
the satellite, perbaps communicated between different
satcllites, and then retransmitied from a satellite so that the
sigoals can be received by terrestrial receivers within a
certain geographic receiving area within a line of sight of the
satellitc. In addition to tclevision signals, other types of data
may also be traosmitted to consumers through satellites in
cither geosynchronous or non-geosynchronous orbit.

Direct broadeast satellite secvice (DBS) refers to satellite
transmission of television signals and other data directly for
use by individual bouseholds or subscribers having the
proper signal receiviag equipment. The U.S. Federal Com-
munications Commission bas dedicated the electromagnetic
spectrum from 122 gigahertz to 12.7 gigahertz for DBS
broadcasting. Numcrous signal carriers arc located within
the DBS spectrum, cach carrier carrying sevenal individual
television channels. Depending upon the compression tech-
nology applied to these signals, literally hundreds of sepa-
rate channels may be available through DBS. A great benefit

of the DBS system as opposed to prior satellite sysiems is -

that only a small dish-typc antenna is required to receive the
DBS signals and the alignment of the receiving dish is not
as critical as earlier satellite broadcast sysiems. Also, the
DBS systcm will providc high quality rcecption at any point
in the gengraphic receiving area of a satellite without the
expense of land transmission lines such as those required for
cable tclevision.

Current regulations require that DBS satellites be sepa-
rated from each other by at least nine (9) degrees in a
geosyachronous arc. The receiving antenna for DBS signals
must, therefore, be limited to receiving signals in a direc-
tional range measuring plus or minus aine (9) degrees from
a centerline of the anieana. Recxiving sigoals in a range
wider than the satellite spacing would cause interference by
signals transmitted by different satellites on the same fre-
quency. The limited directional reception range of the DBS
receiving antenna is the result of the gain provided by the
antenna being asymmetrical about the antenna structure.
DBS signals reaching the DBS receiving antenna at angles
outside of the directiopal range of the antenna receive
insufficient gain to interfere with the desired DBS signals
received within the antenna directional range.

U.S. Pat. No. 5,483,663 is directed to a system having a
receiver arrangement in which DBS and terrestrial signals
are received within similar frequency bands. The system
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shown in the 5,483,663 Paient may he implemented with a
mulliple antenna arrangemeat, or with a single, moveable
antenna. In the multiple antenna arrangement, two separate
antcanas dircct the received signals 1o a common propaga-
tion path for processing as if they were received by a single
anienna and transmitted from a single location. In the single
antenna arrangemeni, the antenna is movable between a
position to reccive DBS signals and another position to
receive lerrestrial signals.

The advantage of the sysiem shown in US. Pai. No.
5,483,663 is that local originating signals, whether carrying
data for television or other data, may be received simulia-
acously with DBS signals, and processed with the same or
similar cquipment as that used to process the DBS signals.
The local originating signals may carry local television
programming which may be received along with the ational
or regional DBS television programming.

SUMMARY OF THE INVENTION

It is an object of the invention to provide temrestrially
transmitied signals simultaneously with satellite transmitted
signals at the same frequency. The invention includes an
apparatus and method for use in transmitting terresirial
signals simultaneously with satellite signals transmitted at a
common frequency.

The object of the invention is accomplished by transmit-
ting terrestrial signals in 2 manner which ensurcs that they
do not interfere with satellite signals ransmitted at the same
frequency. Embodiments of the invention may take advan-
tage of receiving antennac having a limited directional
receplion range of look angle and may ioclude transmitting
the terrestrisl signals in a different range of directions than
those in which the satellite signals are transmitied. The
power level at which the terrestrial signals are transmitted
and the directional nature of the satcllite receiving anienpac
ensure that the saiellite transmitted signals can be discrimi-
nated from the terrestrially transmitted signals. Although the
terrestrial signal trapsmission power is limited 10 a non-
interfering transmission power level, the terrestrial trans-
mission is still strong enough to produce a usable signal at
a distant location.

Scveral different signals will be discussed ia this disclo-
sure. The term “satellite signals” refers 1o signals rapsmitted
directly from a satellite, whereas the term “tefrestrial sig-
nals” refers to signals transmitied directly from 2 terrestrial
rapsmitter. “Satcllite input sigaals™ refers o signals result-
ing from satellite signais which have been picked up by an
anteana and subjected to gain provided by the antcana.
Finally, “tcrrestrial input signals” refers to signals resulting
from terrestrial signals which have been picked up by an
antenna and subjected to gain provided by the anteana.

The invention is employed in the situation in which
satellite signals are transmitted at a satellite transmission
frequency to a terrestrial location. The satcllite signals travel
along a saiellite signal route from the satellite to the lerres-
trial location and to a satellite receiving anicana ai e
location for receiving the satcllite signals. In some cmbodi-
meats of the iovenlion, the satellite receiving anienoa is
omni-directional, that is, provides generally the same gain
regardless of the direction from which the signals reach the
antenna. Io other forms of the invenlion, the saiellite receiv-
ing anienna has a directional reception characteristic in
which the gain provided by the antenna reaches a peak along
an antenna centerline and generally decreases as the angle
from the centerline increases.

The omni-directional satcllitc recciving antenna need not
be oriented in 2 particular direction to receive signals from
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a satellite. However, in order to receive satellite signals with
the directional satellite receiving antenna, the antenna must
be aligned i a satellite reception position. In this satellite
reception position, the satcllite signal routc lics closc cnough
to the antenoa centerline that the signals receive sufficient
gain from the antenna structure to produce satellite input
signals which are at least at a usable input signal level. This
minimum usable input signal level represents the minimum
input signal level at which the recciving or signal processing
equipment can extract the desired data.

According to the invention, the terrestrial signals are
transmitied at the same frequency as the satellite signals.
The terrestrial signals are transmitted along a wireless route
from the terrestrial transmitter to a user location whick may
bave a satellite receiving antcnna. The invention avoids
interference between the terrestrial and satellite signals by
ensuring that the power level of the terrestrial input signals
at the satellite recciving antenna is below an interference
level with respect to the satellite input signals at the satellite
receiving antenna. lhe interference level is an input signal
power level which is so close in power to the satcllite input
signal power level that the satellite input signals cannot bhe
discriminated or distinguished. Terrestrial input signals
below the interference level do not prevent the recciving or
signal processing equipment associaied with the satellite
receiving antenna from distinguishing and extracting data
from the satcllitc input signals. Also according to the
invention, although the terrestrial signals are ransmitied so
that they do not interfere with the satellite signals, the
terrestrial signals present at the user location must be strong
tovugh so that they may be received by an appropriately
aligned terrestrial receiving antenna at the location and
distinguished from satellite input signals at the terrestrial
receiving antenna. That is, the terrestrial sigoals preseat at
the location must be at leas! at a minimum usable terrestrial
signal level.

Where the satellite receiving antenna is omni-directional,
both the satellite signals and the terrestrial signals picked up
by the antcnna rcecive substantially the same gain. Thus for
omni-directional satellite receiving antennae, the terrestrial
transmission power level must be controlled so that the
terrestrial signals prescat at the uscr location have a suffi-
ciently lower power level than the saicllite signals present at
the user location. '

Where the satellite receiving antenna at the user location
is a directional antenna, the invention may take advantage of
the directional characteristic of the antenna and may trans-
mit terrestrial signals at a high coough power level while still
producing a terrestrial input signal at the satellite receiving
antenna which is below the interference level. In the case of
the dircctional satcllitc recciving antcnna, the antcnna is
oriented in the satellite reception position at the user loca-
tion. ‘The terrestrial transmitter is located with respect to the
uscr location such that the wircless transmission rouic from
the terrestrial transmitter to the user location is at a relatively
large angle from the satellite receiving antenpa centerline. At
this rclatively large angle, the tcrrestrial signals reccive
much less gain than the salcllite sigoals. Thus, the ermrestrial
signal power level at the user location may be the same as
or cven higher than the satcllite signal level and, due to the
dillerent gain applied to the signals by the antenna structure,
still result in a terrestrial input signal having a power level
below the interference level with respect to the satellite input
signal level.

1n some applications of the invention, depending upon the
direction at which a directional satellitc recciving antenna
must he directed to receive satellite signals, the terrestnal
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transmissions may be limited 1o a cenain azimuth range.
‘I'his terrestnal transmission azimuth range is limited so that
it docs not includc any dircctions that arc within the satellite
reception look angle of a directional satellite receiving
antenna aligned to receive signais from a particular satellite.
In order to cover a large geographic scrvice arca for lerres-
trial signal reception while maintaining the 1errestrial trans-
missioq power at a non-interfering level, a plurality of
lerrestrial transmitters may be spaced apart over the area. In
this case the eflective transmission arcas of ihe different
transmitters combine Lo ensure the terrestrial signals may be
received clearly at each location within the desired geo-
graphic service arca.

The satellitc transmissions and tcrrestrial transmissions
may contain or carry any lype of daia including ielevision,
internet communications, voice, video, or any other type of
data. Although the invention is not limited to any particular
transmission [requencies, the iovealion is parcularly well
adapted for transmission frequencies above one thousand
(1000) megahertz. Also, although the invention is not Lim-
ited for use with a particular transmission modulation
technique, modulation techniques such as phase modulation
and spectrum spreading (frequency hopping) are currently
preferred.

These and other objects, advantages, and features of the
invention will be apparent from the following description of
the preferred embodiments, considered along with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation showing the positions
of a plurality of satellites in relation to a single terresirial
transmitter and a receiver or user location.

FIG. 2 is a somewhat schematic representation of a
receiving antenna structure for receiving satellite and ter-
restrial transmitted signals at a common frequency.

FIG. 3 is a schematic representation of the spacing for a
oumber of terrestrial transmitters required to allow reception
over a large geographic area.

FIG. 4 is a schematic representation of a terrestrial
transmitter and terrestrial transmission power control
arrangement embodying the principles of the invention.

DESCRIPTION OF TIIE PRCFERRED
EMBODIMENTS

An appanatus according to thc invention for providing
terrestrially transmilted signals simuitaneously on the same
frequency used 1o transmit satellite signals is illustrated in
FIG. 1. As shown in FIG. 1, there may be one or more
satellites in orbit about the carth. FIG. 1 shows four satellites
24, 125, 12¢, and 12d spaced apart at four separate direc-
tions from a user location 14. Satellite receiving antenna 16
an] lerrestrial receiving antenna 18, which will be discussed
in detail with reference to FIG. 2, may be located at the user
location 14.

Each of these satellites 12ad is positioned in geosyn-
chronous orbit about the center of the earth, and is posi-
tioped at a certain Joagitude and latitude zbove the carth’s
surface. In geosynchronous orbit, each salellite remains at a
fixed location with respect to the earth’s surface, and thus,
with respect to the user location 14. As is known by those
skilled in the ant, a directional receiving antenna may he
directed at a certain elevation and direction or azimuth
toward a desired satellite location for receiving sigpals from
the particular satellite. Of course the satellite signals may be
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transmitted from satellites which are not in geasynchronous
orbit. ln this non-geosynchronous orbit case, the directional
salcllitc receiving antenna can receive satellitc signals only
as the particular satellite passes through the directional
reception range or look angle of the satellite receiving
antcnna, or the antcnna must be moved 1o track the satcllitc.

Currently, all direct broadcast satellites within the line of
sight of North America arc positioned at longitudes and
latitudes requiring a directional receiving antenna to face in
a southerly direction from North America to receive signals.
Although FIG. 1 shows four satcllitcs 12o-d for purposes of
describing the invention, more or fewer satellites may be
spaced apart within a line of sight of a certain geographical
arca. Regardicss of the numbcer of satellites, the directional
salellite receiving antenna must be directed at a particular
azimuth and elevation to receive signals from a particuiar
satellite. The term “azimuth”™ refers to the direction with
respect W s refereace direction such as due north, commonly
zero degrees. “Elevation” refers (o the angle of the antenna
centerline above horizontal. In contrast to directional receiv-
ing anwonac, omni-directional antennac need not be ori-
ented in any particular direction in order 10 receive signals.
Thus an omni-directional antenpa at the user location 14
would receive signals equally well from each of the satelliles
12a4d.

DBS satellites all iransmit different signals in the same
frequency band. The U.S. Federal Communications Com-
mission has set aside the electromagnetic spectrum from
12.2 gigahertz 10 12.7 gigahertz for DBS broadcasting. In
order to ensure no interference from signals between two
adjacent satellites transmitting at the same frequency, two
coaditions must be mel. First, the satellite receiving antenna
must be a directional antenna and limited to receive signals
at the DBS signal strength only within a certain reception
range about the centerline of thc antcama. Secondly, the
satellites must be spaced apart so that a receiving antenna
may be positioned with only a single satellite transmitting in
the directional reception range or look angle of the antcnna.

According to current regulations, individual DBS satel-
lites must be scparated at least nine (9) degrees in the
geosynchronous arc. Thus, ecach DBS receiving antenna
must have a directional reception range, look angie, or
aperture of plus or minus nine (9) degrees or less as
measured from a centerline of the antenna. Although current
regulations require a spacing of no less than nine (V) degrees
scparation, the invention is not limited to use in situations in
which the satellites have this degree of separation or in
which the satellites operate in the current DBS frequencies.

10
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FIG. 1 also shows a temestrial transmitter 20 capable of s

Iransmitting in one or more frequencies identical to a
frequency trapsmitted by one of the DBS sakllites. The
terrestrial trapsmitter 20 transmits directionally within 2
certain transmission range or azimuth range T. The traps-
mission range T shown in FIG. 1 is 180 degrees, although
the range may he more or less than this aumber. In some
situations, the traosmission range may pot be limited but
may cncompass the cntire 360 degrees around the transmit-
ter location.

A combined receiving anteana structure 22 which may be
at the user location 14 in FIG. 1 is illustrated in FIG. 2. The
satellite receiving antenna 16 is designed to receive direct
broadcast satellite signals and preferably includes a collect-
ing dish 24 and a feed-horn assembly 26 for receiving the
signals reflectod and concentrated by the dish. Those skilled
in the ant will readily appreciate that the feed-horn assembly
26 includes a probe and low noise block converter, which are
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not shown in FIG. 2, for picking up signals directed 1o the
anienna. The received signals, which are defmed herein as
“input signals,” are directed from the antenna to receiving or
signal processing cquipment, also oot shown, for cxtracting
information or data. This signal processing equipmeat is
well known in the art and does not form a part of this
Invention. Also, those skilled in the art will appreciate that
numerous types of assemblies may be used alternatively to
the fecd-horn assembly 26 for coliccting signals reflected by
the dish 24. Furthermore, many other types of anieanas may
be used for receiving the satellite signals.

The satellite receiving antcnna 16 is a directional anteana
and thus has the characteristic that the signal gain produced
by the antenna is highly dependent upon the direction at
which the signals reach the antenna. The antenna 16 pro-
duces a maximum gain for signals travelling to the strucrure
along an antenna centerline 28. For signals travelling to the
antenna structure 16 at an angle to the centerline 28, the
aotenna provides less gain. For the dish-type antenna 16
shown in FIG. 2, the antenna gain decreases as the angle to
the centerline 28 increases up to a certain angle on cither
side of the centerline. At angles outside of this certain angle,
the gain may remain fairly constant. It will be understood
that the anglc from the ceaterline 28 may be in the horizontal
direction, vertical direction, or both.

As the antemna gain decreases with the increased angie
from the ceaterline 28, ao angle is reached at which the
antenna gain is insufficient 1o develop a usable satellite input
signal from the antenna 16 for a particular satellite trans-
mission. The maximum reception angle at which the antcnna
16 will develop a usable signal is shown as d max in FIG.
1. The cone-shaped area defined by the angle d max about
the ceaterline 28 is commonly referred to as the “look angle™
or aperture of the antenna. Satellite signals at the designated
power level propagating to the antenna 16 at an angle greater
than d max to the anteana centerline 28 result in ioput
signals from the antenna less than the minimurm usable input
signal level. Signals below the minimum usable input signal
level cannot be distinguished from background or noisc
produced by the antenna, and the signal processing equip-
ment which receives the input signals cannot extract data
from sigpals at thesc low signal levels. The minimum usable
input signal level is determined by many factors including
the bandwidth of the transmissions, the antenna structure,
and the signal processing equipment which receives the
signals developed by the antenna structure.

Referring 10 FIGS. 1 and 2, the satellite receiving antenna
16 which may be at location 14 is in a satellite reception
pasition and is directed to receive signals from one of the
satellites, satellite 124 for example. The azimuth and eleva-
tion at which the first antcnna 16 must be dirccted for
optimally receiving signals from satellite 12d may be, for
example, 247.3 degrees and 25.7 degrees, respectively.

In the oricatation shown in FIG. 1, the satellite receiving
aotenna 16 at location 14 cannot receive signals from the
terrestrial transmitter 20 in the presence of satellite signals
at the same frequency. Two factors combine to prevent
interference between the satellite and terrestrial signals.
First, signals transmitted from the terrestrial transmitter 20
travel along a wircless transmission route 40 to the location
14 which lies outside of the look angle of the satcllite
receiving aotenna 16. Thus, the terrestrial signals receive
relatively low gain from the satellite receiving antenna 16 as
compared to the satellite signals travelling along a satellite
signal route 42 within the look angle of the antenna. Second,
the terrestrial transmission power level is controlied accord-
ing 1o the invention such that terrestrial signals at the
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location 14, with the low gain provided by the antenna 16 for
signals travelling along wireless transmission route 40,
result in terrestrial input signals from the antenna 16 which
arc below the interference level with respect to the satcllite
input sigoals from the antenna. Thus, even though the
terresirial signals may actually be picked up by the antenna
16 and produce terrestrial input signals from the antenna, the
satellite input signals are in comparison strong enough for
the signal processiog equipment associated with the antenga
to discriminaie between the satellite and terrestrial input
signals. The interference level will depend on several factors
including primarily the signal processing equipment and,
with present technology, may be in the range of 3dB to 5dB
below the level of the satellite input signais.

Although the direction of the terrestrial transmissions
along wireless route 40 and terrestrial signal power fevel
combinc to prevent the terrestrial signals from interfering
with the satellite signals at tbe same frequency, the power
level of the terrestrial transmissions is still sufficient to
producc a usablc signal at the location 14. In order to reccive
terrestrial signals at the location, a lemestrial receiving
antenna such as the antenna 18 shown in FIG. 2 is required.
The terrestrial receiving antenna 18 has a directional gain
characieristic similar to the satellite receiviog anteana 16 Lo
ensure that the terrestrial signals produce an input which
may be discriminaied from the input produced by the
satellite signals at the terrestrial antensa. For example, the
terrestrial receiving antenna 18 at location 14 could have its
centerline 30 aligned directly with the wireless transmission
routc 40 from the terrestrial transmitter 20. The directional
reception range or look angle from the centerline of the
antenna 18 is shown as r max in FIG. 1. At this oricntation,
the satellite signals arc well outside the look angie of the
terrestrial receiving antenna 18 and receive much lower gain
as compared to the terrestrial signals. ‘Ihe terrestrial signals
at that location 14 are strong cnough that, with the help of
the gain provided by the terrestrial receiving antenna 18,
they result in terrestrial input signals that may be discrimi-
natcd from any input signals at the tcrrestrial receiving
antenna resulting from the satellite signals. With present
technology the terrestrial input signals from the terrestrial
rccciving antcnna 18 may be 3 dB to 5 dB or more above the
power level of the satellite inpui signals from the terrestrial
receiving antenna in order for the terrestrial input signals to
be discriminated. Thus, the terrestrial transmission appara-
tus and method according W the inveotivn allows satellite
and terrestrial signals carrying entirely different information
or data 1o be received and used simullaneously at user
location 14.

The ability to transmit terrestrial signais at the same
frcquency as satellitc sigoals without intcrference between
the signals presents an opportunity for terrestrial reuse of
spectrum previously reserved exclusively for satellite trans-
missions. Furthcrmore, sincc the terrestrial (ransmiticr
according 1o the invention has a limited effective transmis-
sion range, the spectrum reused for the terrestrial transmis-
sions may also bc rcuscd for tcrrestrial transmissions in
many different geographic areas.

It will be understood that the terrestrial receiving antenna
18 a1 the location 14 or any other user location, is oot an
element of the present invention. The terrestrial receiving
antenoa 18 is disclosed and discussed herein only for the
purposc of cmphasizing the utlity of the terrestrial trans-
mitting apparatus and method according to the invention.
The satellite receiving antenna 16 is also not an element of
the invention. Rather, the satcllite receiving anteana 16 is
discussed herein for the pumpose of describing the manoer
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and direction in which terresirial signals must be transmitted
according to the invention. In any case, the satellite and
terresirial receiving antennac which may be at any user
location 14 need not be combined into a single structure. The
combined structure 22 shown in FIG. 2 is shown for
convenience in describing the terrestrial transmission inven-
tion disclosed herein.

In the casc of an omni-dircctional satcllitc recciving
anicnoa, the anicnna has oo centerline such s centerline 28
shown in FIGS. 1 and 2, and no look angle or directional
reception range. Rather, the gain provided by the antenna is
subsiantially independent of the direction from which the
signals reach the antenna. In that case, the method of the
invention includes transmitting terrestrial signals at the first
frequency similarly 10 the case described above in which the
satellite receiving antenns is a directional antenna. However,
the direction at which the terrestrial signals are transmitted
cannot be relicd upon to produce temrestrial input signals
below the interference level with respect 10 the satellite input
signals received at the omni-directional satellite receiving
antenna . Rather, for the omni-directional satcllite receiving
antenna, the ierrestrial transmission power level is con-
trolied so that the terresinal signals present at the user
location arc below the interference level with respect to the
satellite signals at the user location. Sioce the omni-
directional antenna provides the same gain to both the
terrestrial and satellitc signals, this signal kevel present at the
sutellite receiving anienna location ensures that the terres-
trial input signals are below the interference level with
respect 1o the satellite input signals.

Referring to FIG. 3, a plurality of erresirial transmitters
32 may be required lo provide terrestrial signals stroag
cnough to be received over a large area, but low enough to
prevent interference with satellite signals at the same fre-
quency. Each transmiiter 32 in FIG. 3 transmits directionally
in an azimuth range A of approximatcly 180 degrees and out
to an effective reception range R. Thus, each transmitter 32
transmits to ap effective transmission area 43. With this
transmutter spacing and transmission range, the signals from
the terrestrial transmitters 32 may he received from any
location within the geographic service area compnsing the
combincd cffcctive transmission arcas of the scveral terres-
trial transmitters. Although the directional range of 180
degrees is shown for purposes of example, tbe terrestrial
transmissions may be in other ranges within the scope of this
invention. In cach case, however, the ierrestrial transmis-
sions from each transmitter 32 are in directions that are
outside of the satellite receiving antenna look angle at any
location and, with the terrestrial signal power limitatios
according to the invention, the terrestrial signals do not
interfere with the satellite signals ransmitied at the same
frequency.

In another aspect of the invention, the user location itself
may include a transmittcr for directionally transmitting at a
satellite frequency. Such transmission capability from the
user location would allow wireless communication both to
and from the uscr location. The transmissions from the uscr
location would be limited so as w0 include no direction
within the look angle of a nearby satellite receiving antenna
and would be limited as o transmission power as discussed
above with regard W other lerrestrial trapsmissions.

In the multiple terresirial transmitter application of the
invention such as the arrangement depicted in FIG. 3, it may
he desirable, although not necessary, for the signals from the
several transmitters 32 to be synchronized. The synchroni-
Zation in this scnse means that cach transmitter transmits the
same data at the same frequency so that it may be received
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substantially simultaneously a a user location which lies
within the effective transmission area (the area defined by
radius R) of two or more different transmiitters. Thus,
regardless of which transmittcr 32 a uscr may direct their
terrestrial receiving antenna to, the user receives the very
same data as any other user of werresirial signals at that
frequency in the geographic service area. The transmitters
may have associated with them signal synchropization
" means 44 for cpabling this synchronized taansmission.
Those skilled in the art will appreciate that several different
arrangements may be used to provide such synchronization.
For examplk, the signal synchropization means 44 may
comprise high speed communications links such as optical
fiber oc high speed electrical communications links for
communicating data to be transmitted or synchronization
signals between transmitters 32. Alternatively the synchro-
nization means 44 may comprise high gain snteanae for
relaying the received signals from onc transmitter 32 to the
next. Any such relaying antennae and high speed commu-
nication links are to be considered equivalent signal syn-
chronization means according to the invention.

As discussed above, and referring again to FIG. 1, the
power level at which the terrestrial signals may be trans-
milicd musl be limited 10 prevent iolerference with the
satellite signals transmitted at the same frequency. However,
the transmission power must still be strong encugh to
produce a usable signal level at a distant location, location
14 for example. The power level of the terrestrially traps-
mitted signals is highes! near the transmitter and decreases
as the distance from the transmitter increases. Thus, the
transmission power is limited by the maximum terrestrisl
signal level at the potential satellite signal user location
which is nearest to the terrestrial transmitter 20. The maxi-
mum terrestrial signal level at the nearest satellite user
location o the terrestrial transmitter is a signal which
produces a terrestrial input signal at a satellite receiving
antenna at that nearest location which is just below the
interference level with respect to the satellite input signals
which may be received by the satellite recsiving sntenna at
that location. The transmission power o produce signals of
this strength at the nearest location to the terrestrial traps-
mittcr 20 rcpresents the maximum allowsblc transmission
power and determines the effective transmission range or
area of the terrestrial transmitter. This maximum level and
all transmission power levels below this maximum level are
noa-inierfeting power levels and produce pon-interferiag
terrestrial input signals at any satellite receiving antenna in
the effective transmission area of the terrestrial transmitter
20.
A cerwin area around the terrestrial transmitter may be
designated an oxclusion zonc and the ncarcst location to the
terrestrial transmitier may be defined as a Incation at the
edge of the exciusion zooe. [n this case, the trapsmission
power of the teerostrial transmiticr is controlicd so that the
terrestrial signals are just helow the interference power level
at this “nearest location” at the edge of the exclusion zone.
The terrestrial signal level at Jocations within the exclusion
zone is at a level which could cause interference with
satellite signals unless the satellite receiving antenna design
is modified to increasc the directionality of the antcnna, that
is, tbe differencx between the gain provided (o the satellite
signals and the gain provided 1o the terrestrial signals.

It will be apparent that the maximum power level at which
terrestrial signals may he transmitted in sccordance with the
invention is dependent in part upon the power level of the
satcllite signals at the various user locations. As shown in
FIGS. 1 and 4, one preferred form of the invention includes
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a satellite signal power level monitoring arrangement or
mesns 46 for determining the power level of the satellite
signals and for using that power level to set the power level
of the terrestrial transmitter 20, Referring now to FIG. 4, the
satellite signal power level monitoring means 46 may com-
prisc a calihrated receiver or any ather suitable device hy
which the satellite signal strength may be determined. The
illustrated calibrated receiver includes a satcllite receiving
anicans 48, a down-convericr 50, prefcrably & chanacl
scleclor 82, and a detector amplifier 54. The illustraied
calibrated receiver also includes a comparator $6 with a
vaniable resistance device 57 connected to onc comparator
input. The otber comparaior input is coanected (o receive the
signa) from the detecior amplifier 4. Comparator 86 has its
output connected transmission power adjusting means com-
prising 0 a level control device 88 associated with the
terrestrial transmitter 20.

The illusirated transmitter 20 includes an encoder 60,
which receives and encodes arn inmput for ferresirial
transmission, and also includes a modulator 2 for providing
the desired modulation for ransmission. The level control
device 88 is interposed hetween the modulator 62 and an
up-converter §3 which converts the signals to the desired
bigher frequency for transmission. The coaverted signals are
then amplified by the power amplifier 64 and directed 0 a
transmitier antenna 66.

The satcllite power level monitoring arrangement 46
operaies by continuously monitoring a satellite signal which,
due to the particular satellite orientation and/or transmission
power, is most susceptible to interference from the terresirial
trapsmitted signals. The satellite receiviog antenna 48 is
directed 10 receive the signal from that most susceptible
satellite, and the received signal is down converted to an
intermediate frequency by the down converter $0.

The down converted signal may be processed by the
channel selector 52 10 separate a single channel and his
separated signal is then filtered and converted to a dc voltage
signal by the detector amplifier 54. This dc voltage signal is
representative of the power level of the received satellite
signal, and is compared 1o a reference signal by the com-
parator $6. The reference signal is set by the variable
resistance 87 initially so that the comparator output is zero.
Al this initial setting, the transmission power level of
transmitter 20 is set at 2 maximum non-interfering power
level. At this power level the terrestrial signals at the various
locations beyond any exclusion zone around the transmitter
20 result in terrestrial input signals which are below the
interfering power level with respect to any satellite input
signals at the same frequency. However, as the signal power
of the satellite signals received at the antenna 48 changes
over time, the output of comparator 56 causcs the level
control 58 to change the transmission power of the terrestrial
transmitter 20 accordingly. When the satellite signal
becomes weaker than at initil conditions, thc comparator 56
output is less than zero and this causes the level contro! 58
1o reduce the transmission power from transmitter 20. When
the satcllitc signal becomes stronger, thc comparator 56
output retums toward zero and this causes the level contrul
58 10 increase the trapsmission power 1o transmitter antenna
66.

The method of the invention may now be described with
particular reference to FIGS. 1 and 2. A first frequency is
already in usc for transmitting satcllite signals from a
sarellite, satellite 124 for example, along the satellite signal
42 route to location 14. Satellite signals are received at the
location 14 with the satellite recciving antenna 16 shown in
FIG. 2. Satellite receiving antenna 16 has a directional
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reception characteristic with a maximum gain along the
antenna centecline 28 and lower gain at angles from the
antenna centerline. The satellite receiving antenna 16 is
oncnted in a satellite reception position in which the satellite
signal route 42 is within a look angle d max on cither side
of, or ahout, the centerline 28 of the antenna. In this satellite
reception position, the satellite signals produce a satellite
input signal from the satellite receiving antenna 16 and this
input signal is at lcast at the minimum usable signal level for
the particular signal processing equipment.

Thbe method of the invention includes transmitting terres-
trial signals at the first frequency, that is, the same frequency
at which the saicllitc signals arc transmitted. The terrestrial
signuls are trapsmitied in directions which ioclude the
wireless transmission route 40 from the transmitter 20 to the
location 14. According to the invention, the transmitter 20 is
located such that the wireless transmission route 40 lies at an
anglc to the satcllitc receiving antcnna centerline 28, and this
angle is sufficicotly lange that the terrestrial signals present
at the location 14 produce terrestrial input signais which are
beiow the interference level with respect to the satellite input
signais produced at the antenna 16. The terrestrial signals
present at the location 14 arc also at a power level at least
ut the minimum usable wrrestrial sigaal level. At this mini-
mum useable terrestrial signal level the terrestrial signals
may be picked up by a terrestrial antenna 18 which may be
al the user location 14. The terrestrial antenna 18 is a
directional antenna to cnsure that the satellite signals do oot
interfere with the terrestrial signals.

Under current technology, the satellite signal level at any
terrestrial user location may range from -120d8m o -125
dBm under clear sky conditions and from -122 dBm to -127
dBm under morc adverse weather coanditions. Depending
primarily upon the directionality of the satellite receiving
antenna and the capabilities of the signal processing equip-
mcnt associated with the satcllite receiving antcnna, ierres-
trial signal power level at the user Jocation must remain
below about -95 dBm. This terrestrial signal power level
assumes a satellite receiving antenna gain of approximately
34 dB for the satellite signals and a gain of about -2 dB for
the terrestrial signals, and an interference level of approxi-
mately 4 dB below the satcllite input signal power level.
Also, uoder current techaology, the terrestrial input sigoals
must remain about 4.5 dB (3 dB to 5 dB) below the satellite
input signals in order for the signal processing equipment to
distinguish the satellitc input signals and extract the desired
data from the satellite input signals. Those skilled in the art
will readily appreciate that the invention is not limited to
these signal power valucs and that these values are provided
for purposes of illustration and example.

Also according 1o the invention, the temrestrial transmiticr
20 ransmits only along wircless transmission paths which
avoid interference with the sateilile signals at any location
within an cffective transmission range of the icrrcstrial
transmitier. That is, the wircless route 40 from the transmil-
ter 20 1o any location 14 is at an angle with respect 1o 2
properly aligned satellite receiving antenna at the respective
location such that the terrestrial input signals from the
satellite receiving antenna are always below the interfereace
level with respect to the satellite input signals which may be
produced from the satellite receiviag antenna. To cosure the
required terrestrial signal strength at any location, including
those adjacent to the terrestrial transmission location, the
method of the invention may also include monitoring the
signal strength of the satellite signals and setting the terres-
trial transmission power to the maximum nop-interfering
power level based upon that detecied satellite signal
strength.
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Referring 1o FIG. 3, the method also includes transmitiing
from a second terrestrial transmitter 32 to a second location
which may be any location within range R from the sccond
terresirial transmitter. The wireless route from the second
umitur to the second location is at an angle to a properly
oncnated satcllitc receiving antcona at the sccond location to
produce lerrestrial inpul signals below the interference level
with respect to the satellite input signais which resull from
satellite signals received by the satellite receiving antenna at
the second location.

EXAMPLE

A tcst was conducted using a mobilc tcst antenna. The test
equipment included a DRS receiving antenna connected 10
signal processing equipment. The signal processing equip-
ment was connccled to reccive input signals from the DBS
receiving anteona and operated 1o direct a desired channel
output to a television. The DBS receiving antenna was a
dircctional antenna providing a gain of betweea 31 dB and
34 dB acruss a look angle of approximately 5 degrees on
either side of the antenna centerline. Antenna gain from the
DBS receiving antenna ranged from -2 dB o -16 dB
outside of the antenna look angle.

The test used a terrestrial transmitter having a directional
transmilter anienna elevaked w0 52 feet AGL and directed
with its peek power output at an azimuth of 180 degrees (due
South), with true horizontal polarity. The terrestrial trans-
millr set up was not changed {rom this configuration
throughout the test. Only the transmission power was varied
as will be discussed below.

The interference test was conducted at several different
test locations or user locations, each spaced apart from the
terrestrial transmitter location. At cach test location the DBS
receiving antenna was first elevated (o achieve a line of sight
to the terrestrial transmitter and then oriented with its
centerline aligned generally with the wircless transmission
route from the terrestrial transmitter. Once a line of sight was
verified between the DBS test antenna and the terrestrial
transmitter, an isotropic receive power level was established
from the terrestrial transmitter at full power, 29 dBm.

Al cach test location the DBS receiving antenna was then
optimally positioned for receiving satellite signals from a
particular DBS satellite, that is, the centerline of the DBS
recciving antcnna was aligned with the signal route from the
satellite. The satellite signals at a particular frequency were
received and fed to the television associated with the test
apparatus. At cach test sitc, the wircless transmission routc
from the terresirial trapsmitier o the test sile was ouside of
the look angle of the DBS receiving anteana optimally
positioned for receiving satellite signals from the DBS
satellite. The terrestrial transmitics was operated to transmit
at the same frequency as the received saicllite signals,
12.470 gigahertz. In each test if there was interference with
the received DBS satellite signal, as indicated by imperfect
television receplion, the terrestrial transmitter power was
reduced until no interference was produced and this level,
that is, the power level just below the interference level, was
recorded.

At the weather conditions at which the tests were
conducted, tbe satellite signal power level at each rest site is
calculated to be approximately -125 dBm. Uader these
conditions a tcrrestrial transmission power level of 13 dBm
produced an exclusion zone in the transmission directions
around the terrestrial transmitter of approximately one quar-
ter mile while producing uscable terrestrial signals at a
location approximately 9.9 miles away from the temrestrial
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transmitting antenna. It is estimated that the terrestrial signal

power level at this test site was approximately -137 dBm.

The above deacribed preferred cnbodiments are intcnded
to illustrate the principles of the invention, but oot to Limit
the scope of the invention. Varicus other emhodiments and
modifications (o these preferred embodiments may be made
by those skilled in the art without departing from the scope
of thc following claims.

What is claimed is:

1. A methad for reusing a first transmission frequency
already in use for transmitting satellite signals from a
satellite along a satellite signal route to a first iocation for
reception at a satellite receiving antenna which may be at the
finst location, the satellite receiving aotenna produciog a
maximum gain for signals received along 2 satellite receiv-
ing anteona centerline and less gain at angles from said
ceaterline, the satellite signals having 2 signal power level at
the first location such that, when the satcllite receiving
anienna is placed in a satellile reception pusition in which
the satellite transmission route lies within a satellite recep-
tion look angle about the satellite receiving antenna
centerline, the satellite signals produce satellite input signals
from the satellite receiving antenna which are at least at a
migimum usable satcllitc inpui signal level, the method
comprising the steps of:

(a) substantially continuously delecting the satellite signal
power level at a location near a first terrestrial trans-
mitter;

(b) setting the transmission power of the first terrestria]
transmittcr to a pon-intcrfering level bascd upon the
satellite signal power level detected near the first ter-
restrial transmitter, the non-interfering level being a
level ensuring that substantially each locstion within an
effective transmission area around the first terresirial
transmitter receives terrestrial signals from the first
terrestrial transmitter at a power level 10 produce pon-
interfering terrestrial input sigpals from a satellite
receiving anteona aligned to receive satellite signals at
said location, the non-interfering terrestrial input sig-
nals being at a power level less than an interference

level with respect to the satellite input signals produced ,

by the satellite receiving antenna at said location; and

(c) transmitting tcerestrial signals at the first transmission
frequency from the finst terrestrial transmitter, the ter-
restrial signals being transmitted in directions including
a wircless transmission route from the first ierrestrial
transmilter to the first Jocation, and the wirckss Lrans-
mission route lying at an angle from the satellite
receiving antenna centerline, when the satellite receiv-
ing antennpa is in the sateflite reception position, such
thal the terrestrial signals preseat at the first location
result in terrestrial ioput signals from the satellite
receiving antoona which are at a power level less than
the imerfierence power level with respect to the satellite
input signals, the terrestrial signals present at the first
location having a power level at lcast at a minimum
usabie terresrial signal level.

2. The method of claim 1 wherein the step of detecting the

satcllite signal power level includes the steps of:

(a) receiving the signals transmitted from the satellite at
the first transmission frequency; and

(b) converting the signals transmitted from the satellite at
the first transmission frequency to a representative
signal which is representative of the satellite signal

power level.

3. The method of claim 2 wherein the step of setting the .

transmission power level for the first terrestrial transmitter
includes the siep of:
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(2) comparing the representative signal 1o a reference
signal to produce a comparison output.

4. The method of claim 3 further including the step of:

(2) using the comparison output to control the transemis-
sion power level for the first terrestrial transmitter.

5. The method of cisim 4 wherein the step of using the
comparison output to control the transmission power level
for the first terrestrial transmiticr includes the step of:

(a) controlling a modulated signal level in the first ter-

restrial transmitter.

6. An appanatus for simultaneously providing tervestrially
transmitted signals on a common frequency with satellite
signals transmitted from a satellite along a satellite signal
roule 1o a first location, the satellite signals being transmitted
at a first frequency for reception at a satellite receiving
aotcnna which may bc at the first Jocation, the satellitc
receiving anienna producing a2 maximum gain for signals
received along a satellite receiving antenna centerline and
less gain at angles to said centerline, the satellite signals
having a signal power level such that, when the satellitc
receiving antenna is placed in a satellite reception position
in which the satellite transmission route lies within a satellite
reception Jook angle about the satellitc recciving anteana
ceaterline, the satellite signals result in satellite input signals
from the satellite receiving anteana which arc at least at a
minimum usable satcllite input signal level, the apparatus
comprising:

(a) a first terrestrial transmitter for ransmitting signals at
the first frequency along a wircless transmission route
from a first terrestrial transmitter Jocation to the first
location, thc wircicss transmission routc lying at an
angle from the saellite receiving antenna centerline,
when the satellite receiving antenaa is in the satellite
reception position, such that the terrestrial signals
present at the finst location result in terrestrial iopul
signais from the satellite receiving antenna which are at
a power leve] less than an interference level with
respect to the sascllite ioput signals, the terrestrial
signals present at the first location having a power level
at least at a minimum usable terrestrial signal level;

(b) satellite signal power monitoring means for substan-
nally continuously detecting the satellite signal power
level at a location near the first terrestrial transmitter;
and

(c) transmission power adjusting means associated with
the first terrestrial trapsmitier for seiting the trapsmis-
sion power of the first terrestrial transmitter to a non-
interfering level based upon the satellite signal power
level detected by the satellite signal power monitoring
means, the non-interfering level being a level ensuring
that substantially each location within an effective
transmission arca around the first terrestrial transmitter
receives lemresirial signals from the first terresirial
transmiiter at a power level to produce non-interfering
terrestrial input signals from a satellite receiving
anienna aligned In receive saiellite signais at said
location, the pon-intertering terrestrial input signals
being at a power level less than the interference level
with respect to the satellite input signals produced by
the satellite receiving antenna at said location.

7. The apparatus of claim 6 whercin the satcllitc signal

power monitoring means includes:

() a satellite signal receiving antenna aligned to receive
signals transmitted from the satellite at the first trans-
mission frequency; and

(b) a detector amplificr operatively connected to convert
the signals received by the satellite signal receiving
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antenna to a representalive signal which is representa-
tive of the satellite signal power level.

8. The appanatus of claim 7 wherein the satellite signal
power monitoring mcans further includes:

(3) a comparator operatively connected 1o compare the
representative signal to a reference signal to produce a
comparison output.

9. The apparatus of claim 8 whercin the transmission
power adjusiing means includes a level conotrol device
operatively connected 1o the first terrestrial transmitter and
wherein the comparator is connected 10 apply the compari-
son output to the level control device.

10. The apparatus of claim 9 wherein the level control
device is operatively connected 10 an output of a2 modulator
associated with the first terrestrial transmitter, the level
coatrol device for controlling a modulated signal level in the
first terrestrial transmitter.

11. Ao apparatus for simultancously providing terrestri-
ally transmitted signals on a common frequency with satel-
lite signals transmitted from a satellite, the satellite signals
being transmitted at a first frequency along a satellite
fransmission route to a satellite receiving antenna at a
location which may be anywhere within a geographic ser-
vice area, the satellitc recciving antcnna producing a maxi-
mum gain for signals received along a sasellite receiving
antenna centerline and less gain at amgles from said
centerline, the satcllite signals having a signal power level
which, when the satellite receiving antenna is placed at a
satellite reception position in which the satellite transmis-
sion route lies within a satellite reception look angle about
the satellite receiving anteana ceakerline, results in satellite
input signals from the satellite receiving antenna, the satel-
lite input signals being at least at a minimum usable satellite
input sigoal level, the apparatus comprising:

(a) a plurality of spaced apart terrestrial transmitters, each
terrestrial transmitier transmitting terrestrial sigoals at
the first frequency, the plurality of spaced apart terres-

- trial transmitters being arranged such that substantially
cach respective location within the gecographic scrvice
area has a wircless transmission route to one of the
terrestrial transmitters, the wireless transmission route
lying at an anglc from the satclliic recciving antcnna
centerline when the satellite receiving antenna is in the
satellite reception position at the respective location
such that the terrestrial signals present at the respective
location are at least at a minimum usable lerrestrial
signal level but result in terrestrial input signais from
the satellite receiving antenna which are at a power
level less than an interference level with respect to the
satellite input signals;

(b) satcllitc signal powcr monitoring mcans for substan-
tially continuously detecting the satellite signal power
level at a monitoring location within the geographic
scrvice arca; and

(c) transmission power adjusting means associated with
the terrestrial transmitiers for setting the transmission
power of the terrestrial transmitters to a gon-interfering
level based upon the satellite signal power level
detected by the satellite signal power monitoring
means, the non-interfering level being a level ensuring
that substantially each location within the geographic
service area receives lerrestrial signals from each of the
terrestrial transmitters at a power level to result in
non-interfering terrestrial input signals from a satellite
receiving antenna aligned to receive satellite signals at
said location, the noninterfering terrestrial input signals
heing at a power level iess than the interference level
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with respect to the satellite input signals produced by
the satellite receiving antenna at said location.

12. The apparatus of claim 11 wherein the satellite signal
powcr monitoring mcans includes:

(2) a satellite signal receiving antenna aligned 1o receive
signals iransmitted from the satellite at the first trans-
mission frequency; and

(b) a detector amplifier operatively connected 1 convert
the signals reccived by the satellite signal receiving
antenna to a representative signal which is representa-
tive of the satellite signal power level.

13. The apparatus of claim 12 wherein the saiellite signal

power monitoring means further includes:

(2) a comparator operatively connected to compare the
represegmive signal to a reference signal 1o produce a
comparison output.

14. The appunatus of claim 13 wherein the transmission
power adjusting means includes a level control device
operatively connected to the first terrestrial transmitter and
wherein the comparator is connected 1o apply the compari-
son output to the level control device.

18. The apparatus of claim 14 wherein the level control
device is operatively connected to an output of a modulator
associated with the first terrestrial transmitter, the level
control device for controlling a modulated signal level in the
first terrestrial ransmitter.

16. A method for reusing a first transmission frequency
already in use for transmitting satellite signals from a
satellite along a satellite signal route to a first location for
rcception at a satcllitc receiving antcnna which may b at the
first location, the satellite recciving antenna producing a
maximum gain for signals received along a satellite receiv-
ing anienna centerline and less gain at angles from said
centerline, the satellite signals having a signal power level at
the first location such that, when the satellitc recciving
antenna is placed in a satellite reception position in which
the satellite transmission route lies within a satellite recep-
tion look angle about the satellite receiviog antenna
centerline, the satellite signals produce satellite input signals
from the satcllitc recciving antcnna which arc at least at a
minimum usabic satellite iaput signal level, the method
comprising the steps of:

(a) determining the satellite signal power level;

(b) setiing the Iransmission power of a first wemestrial
transmitter to a non-interfering level hased upon the
determined satellite signal power level, the non-
interfering level being a level ensuring that substan-
tially cach location within an cffective transmission
arca around the first icrrestrial trapsmitier receives
terrestrial signals from the first terrestrial transmitrer at
a power level 1o produce non-interfering terrestrial
input signals from a satellite receiving antenna aligned
to reecive the satcllitc signals at said location, the
pou-inter{ering terrestrial input signals being at a power
level less than an interference level with respect to the
satellite input signals produced by the satellite receiv-
ing antenna at said location; and

(c) transmitting terrestrial signals a1 the non-interfering
power level and first transmission frequency from the
first terrestrial transmitter to the effective transmission
area.

17. The method of claim 16 wherein the step of deter-

mining the satellitc signal power level includes the steps of:

(a) receiving the signal transmitted from the satellite at the
first transmission frequency; and

(b) converting the signal transmitted from the satellite at
the first transmission frequency to a representative
signal which is representative of the satcllilc signal
power level.
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18. The method of claim 17 wherein the step of setting the 20. The methad of claim 19 wherein the step of using the
transmission powerﬁlml for the first terrestrial transmitier comparison output to control the wansmission power level
includes the siep o e for the first torrostrial transmittcr inchudes the step of:
(a) compsring the representative signal 1o a reference R .
i s (2 controlling a modulated signal level in the first ter-

signal to produce a comparison output.
19. The method of claim 18 further including the step of: restrial transmitter.

(a) using the comparison output {o control the transmis-
sion power level for the first terresirial transmitter. « s v s
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(37) ABSTRACT
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within a first directional recenlion range as measured from

a centerline (28) of the first antenna (16). The first antenna
(16) has its centerline (28) aligned to reccive direct broad-
cast satellile signals lramnmm‘;\%:n-
THTONoUS orb1t about the carih. A second anienna (18) at the
user location (14) receives signals ai uency
where the signals are travelling only within a second direc-
1ional Teceplion Tange a8 measured {rom a centerine (30) of
:mmmmm&m
10 receive signals transmitted at the first frequency from a
tcrrestrial transmitting location remotc from the uscr loca-
lion. A terresirial transmitter transmits signals a1 the first
frequency and directionally within a terresirial azimuth
range from the terrestrial transmitting location. The terres-
trial transmitting location is located with respect 10 the user
location (14) such that the terrestrial transmitter (20) trans-
mits in directions only outside of the directional reception
range of the first antenna (16). The satellite (12) is positioned
with respect 10 the uscr location (14) such that the satcllite
transmits directional in directions outside of the directional
receplion range of the second anieana (18).
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Figure 3




